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INTRODUCTION
Afforestation of the Missouri River hills along the Great
Lakes of South Dakota's reservoirs is a varied problem.

Most of

the flood plain vegetation, of which Eastern cottonwood, Populus
deltoides Bartr., is the dominant, has been flooded by the impound
ments.

The nev, shores are mostly grasses of which the potential

natural v�ation according to Kuchler (1964) would be in the
Agropyron-Stipa association.

Hardwood forest, mostly the Ulmus

Fraxinus type, exists along tributaries of the Missouri.

There are

scattered stands of Eastern redcedar, Juniperus virgini ana L., on
the north facing slopes of the hills.

There are several pockets of

shrub species in the more mesic areas of which skunkbush sumac,
Rhus trilobata Nutt. , and chokecherry, Prunus virginiana L. , are the
more abundant species.
The recreational potential of the lakes has created the desire
to plant trees on the shore areas.

The U. S. Army Corps of Engineers

has designated recreation areas at various locations along the shore.
The immediate shore area, about 60 acres per mile of shore, is under
the Corps' supervision (U. S. Dept. of Interior, 1965).

Affore

station methods are a prime concern to them.
The Missouri River represents a location of the terminal
moraine of South Dakota's glaciation.

Three large classes of parent

material from which soils were forme are associated with the
Missouri shores.

There are those derived from glacial till, which

are mostly east of the river; those derived from shale on the
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� unglaciated western side of the river, and varying thicknesses of
loess deposits over these materials.
tributaries to the Missouri River.

Alluvial soils exist along the
These are usually redeposited

soils of the three that were described.
The environmental factors influencing tree establishment are
hot, dry, windy summers, cold windy winters, low precipitation and
variation in soil texture.

The summer evaporation potential generally

exceeds the anm.1al precipitation by two times or more (George, 1939).
Most of the soil moisture is-used by the existing vegetation to the
wilting level.

Rarely in-planted trees is there a surplus of moisture

in the soil at the end of the growing season (George, 1939).
This study was concerned with the reaction of ponderosa pine,
and Eastern redcedar to the severe soil moisture stress that occurs
in these soils.

The relative drought resistance of these two species

to the fine-textured soil that occurs in this area was determined.
The lethal soil moisture content (SMC) was established for the two
species in the two sample soils of the area.
Soils used in the test were derived from shale-originated
soils and from loess soils.

Shale originated soil was used because

it is probably the most abundant soil along the shore and is quite
extensive west of the river.

The relatively coarser _loess soils

were used as a comparison and a contrast to the shale-derived soil.
This study gives a better understanding of the ecological
relationships of soil texture to soil moisture availability which
will lead to better recommendations towards afforestation along the

3
Missouri lakes.

-Also, the lethal foliage moisture content, an

indicator of drought condition, was established for the two species
and may prove helpful in field survival evaluations before visible
characteristics of mortality appear.
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REVIEW OF LITERATURE
Chapman ( 1940) pointed out the importance of know1.ng soil
characteristics before planting trees.

Most research in soil moisture

importance has been done in forest areas beginning with the trenching
experiments of Fricke (1904) and Toumey (1929) which showed changes
in forest floor vegetation when root competition was eliminated.
Costing and Kramer (1946) showed soil moisture to be less important
than light intensity in establishing conifers.

Gatherum, McComb and

Loomis (1963) reported success in underplanting conifers in an Iowa
hardwood forest if minimum light and moisture requirements were met
by partially removing competing vegetation.
Morgan (1935) stated that sandy soils of the prairie had a
deeper penetration of rainfall plus less evaporation becaus·e of
surface mulching, while clay soil liberated less moisture to the
tree because its wilting coefficient was higher.

He noted that

sandy soils a.bsorbed more moisture if rainfall was constant.

George

(1939) reported windbreak plantings in this study area utilized all
available soil moisture each year and relied heavily on snow tha.t
drifted into the trees.

He also suggested that trees established in

prairie soil would alter the structure.

Spurr (1950) showed that

Eastern redcedar changed the pH and structure of the soil as compared
to adjacent open areas.
Many studies have shown that plants wilt at a given level of
soil �oisture.
(PWP).

This is usually called the Permanent Wilting Point

Briggs and Shantz (1912) tested several herbaceous plants and
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� found wilting of plants in a given soil to be relatively constant
between species.

Richard and Weaver (1944) tested several soils,

including a wide range of textures, for the 15 atmosphere tension
level as compared to the PWP and UWP (Ultimate Wilting Point) of
the sunflower.

The UWP is considered to be the soil-moisture con

tent at which a desiccated pla�t will not recover after watering.
The study showed the 15 atmosphere tension was in the range of PWP
and tn\TP most of the time; also, that fine textured soils UWP and
P1'/P range averaged 3. 1% moist-ure by dry weight while coarse soils
range averaged 1. 2%.

Slater (1957) determined that the physical

soil moisture detennination, such as the pressure membrane method,
of the PWP of a sunflower is best because of its increased precision
and reproducibility.

Salter and Williams (1965) worked with the in

fluence of texture on the moisture characteristics of soils.

They

felt that soil moisture detenninations were in error when taken
from disturbed samples.

The use of the neutron probe was one way

of obtaining moisture percentages without disturbing the soil.

They

also felt that the laboratory 15 atmosphere determined PWP could
provide an index to the lower limit of soil water availability for
growth of most crop plants, and suggested its use as a general
reference point for soil water availability.
Certain tree species have been shown to use soil moisture
below the PWP or the 15 atmosphere tension point.

Daubenmire (1943),

Fowells and Kirk (1945) demonstrated that this point does not fore

shadow the death of ponderosa pine s edlings.

Fowells and Kirk (1945)
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� also pointed out that siviculturally, first, the mortality of planted
ponderosa pine may be due to the inability of the seedling root
system to absorb enough available moisture because of damage in
handling and thereby failed to regenerate new roots; and second,
planted ponderosa pine, is able to survive under soil-moisture con
tent below the accepted wilting point.

In one soil tested the sun

flower PWP was 7. 6% and UWP 6. 8%-soil moisture; for ponderosa pine
the values were 3. 7% and 3. 5% respectively.

Stone (1957) and Pharis

(1966) found less difference-in fine-textured soil.

Aldrich and

Work (1935) showed that root ramification affected soil moisture
use in clay soils.

Anderson and Cheyney (1934) showed that the

conifer�us tap root to be longer in coarse-textured soil.

Pharis

(1966) used two soil textures in his study_ with western conifers;
the fine-textured soil death zone ranged.from 15 to 19 atmospheres
while the coarse textured soil ranged down to 30 or more atmos
pheres.

Ursic (1961) showed tension corresponding to soil moisture

at UWP- of loblolly pine, Pinus taeda L. , seedlings and little blue
stem, Andropogon scoparius Michx. , in excess of 50 atmospheres, the
pine seedlings survived somewhat longer in a heavier textured soil.
The different methods of soil moisture deterrninations may account
for the differences: Ursic, (1961), Lane and McComb (1953) used
mean soil moisture in a six-inch pot while Pharis (1966) and Marshall
(1931) sampled the soil next to high root concentrations.
Bates (1923), Marshall (1931), Stone (1957) and Pharis (1966)
have arranged western conifers according to their relative drought
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resistance on the basis of soil moisture content at death.
Ponderosa pine proved to·be the most drought resistant in coarse
textured soils.

Pharis and Ferrell (1966) showed that drought

resistance varied in the Douglas-fir, Pseudotsuga menziesii (Vri.rb)
Franco. ,_ seed sources.
Gardner and Nieman (1964) showed that each of the plant
processes has a different lower limit of tension.

Brix (1960)

stressed the need of a lethal point for the whole plant rather than
one based on the viability of foliage tissue alone; he showed that
death of the intact plant-occurred while the stem and needle fascicles
both were still alive and able to take up water.

He concluded that

the root system died first and his foliage moisture content (FMC)
index was an indication of this internal water stress on the roots.
He determined loblolly pine death at 110% FMC, but the foliage re
mained alive until a 76% FMC.

Ursic (1961) felt that 80% FMC indi

cated the death point for loblolly pine seedlings under moisture
stress·.

Pharis (1966) determined that FMC varied with the age of

the foliage.

He concluded that FMC for ponderosa pine at 3-4 and·

13 months was a fair indicator of whole plant viability (1€thal
points at 103% and 86% respectively), whereas needles six and 18
months (lethal points of 68% and 60% respectively) were good indi
cators and had narrow ranges of overlap.

He pointed out that after

rewatering visual signs of life varied with each species and within
the pecies.

Ponderosa pine and grand fir, Abies grandis Dougl.,
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� often lost all but four or five needles, or even all but parts of
needles, and later began ·growth from the terminal.'
Parker (1956) used tissue viability tests to determine whole
plant life.

His assumption that if part of the plant had viability

it did not indicate whole plant viability.
Previous studies have shown that conifers, excluding Eastern
redcedar, have been able to withstand soil moisture stresses down
· to 50 atmospheres or more.

Bluestem grass and probably others can

extract moisture equally as well.
soils outside of the study area.

These tests have been made on
Results indicated that the moisture

stress limit may not be as great in fine-textured soil, with some
inconsistencies.
If conifers such as ponderosa pine and Eastern redcedar cannot
withstand high soil moisture stress in the native clay soil of this
area, chances for survival are much less considering all the other
severe climatic forces.

But, if either of these species, can extract

moisture or simply survive under soil moisture stresses below 15
atmospheres a large supply of moisture that exists in the high tension
area would be available.

The clay soil in this study has at the

15 atmosphere point a 32% moisture content by volume, a considerable
store of moisture if extractible by these species.
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MATERIALS AND METHODS
A preliminary test of sunflowers sown in greenhouse soil was
used to determine the adaptability of the Nuclear-Chicago 5901 Sur
face.Soil-Moisture Gauge for this study.

The neutron moisture gauge

operates on an indirect soil moisture testing principle .

Neutrons

originate from a Radium and Beryllium source which are emitted down
ward into the soil.

These neutrons are repelled by the hydrogen ion

of the water molecule.

The random neutrons that bounce back t o the

probe are picked up, amplified and recorded as numbers.

The factory

has standardized the one minute readings to known soil moisture levels
as shown in Figure 1.

The standard curve in pounds p·er cubic feet was

converted �sing 62.5 pounds of water per cubic foot to a standard
curve in percent by volume • . The neutron probe is set on the soil
surface for taking readings.
and reads to a depth of 8 11

-

It occupies a surface area of 8" x 12"
12 11 •

Three bench soil plots 40 11 square and 8 11 deep were used to
determine the lethal soil moisture of sunflowers.

Plastic lining

was used to prevent moisture exchange between plots.

In March 1966,

four rows of 25 sunflower plants spaced 10 11 between rows were grown
until they developed about 12 pairs of leaves before watering was
discontinued.

This spacing was the minimum needed for t he 8 11 x 12 n

area of the surface moisture gauge .

At the time the water was dis

continued, regular one-minute moisture readings were taken at six
locations ·on each plot.

One random plot was watered after several
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The second plot was reduced to a lower moisture

lower leaves wilted.
content.

The third plot went past the lethal soil moisture content

before rewatering.

Survival was determined several.days after re

watering when mortality was identifiable.

The lethal soil moisture

content was considered to be the point where 50% of the sunflower
plants did not recover after rewatering.
The results of the preliminary study demonstrated the useful
ness of the neutron moisture gauge technique.
moisture readings for one of-the plots.

Figure 2 shows the

This plot reached a point

below the lethal soil moist�re. point where less than 50% survival
was recorded.

The other two plots had survivals above 50%.

From the

data in two plots_ the survival was greater than 50% above the 6%

moisture content.
content.

Survival below 50% showed less than 6% moisture

(Figure 2).

From the curve in Figure 2, 6% is considered

the lethal soil moisture content for sunflowers grown in this soil.

The standard error of moisture measurements with the neutron moisture

gauge is .4% per reading.

Taking a random sample of readings the

standard error would be tripled.

This would allow us in this study

a 1. 2% standard error •.
Experiment 1.

Drought Resistance of F.astern Redcedar in Two Prairie
Soils.

On February 1, 1967, two-year-old greenhouse-grown Eastern
redcedar seedlings were planted in raised benche� containing two
prairie soils.

The seed source was Lower Brule, South Dakota.

A

randomized complete block design with two blocks and three treatments
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� of moisture stress for each pair of soils was used.

The two soils

were collected from the Lower Brule recreational area adjacent to
Lake Sharpe, South Dakota.

One of the soils sampled was of clay

texture and fonned from "Pierre shale".
following soil separates by percent:
5. 5% sand.

By

analysis it had the

47. 9% clay, 46. 6% silt, and

The other soil was.a silty clay loam derived from loess

parent material (locally called "Joe Creek soil").
contained 21.2% clay, 67. 0% silt, and 11. 8% sand.

By

analysis it

The pH of these

soils was about?. ?.
The bench plots were similar to.the sunflower study but were
separated by a board lined with polyethylene plastic to prevent
moisture_ exchange between plots.
inches.

The plot dimensions were 41 x 4l x 5

Forty Eastern redcedar seedlings were planted in each plot

spaced 10" between rows and 4" in the row.
5 1/2" from the edge of the plot.

The border row was planted

(See Figure 3) •

The soil volume

per seedling was about 200 cubic inches, slightly more than the
volume of the potted seedlings of Ursic (1960) and Pharis (1966) .
The seedlings were watered to insure good establishment and·
vigorous growth.

In the summer the greenhouse roof was shaded with

a 50% density shade cloth and the side panels were removed to control
temperature build-up.

A hygrothermograph continuously recorded

temperature and humidity.

The soil was shallowly cultivated peri

odically with a hand hoe to prevent weed growth.
Four random samples (41.38 cc each) of undisturbed soil of

each type ,. ere removed to determine the moisture-holding capacity.

218991
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Figure 3.

A forty tre� bench plot with ponderosa pine showing the
use of the neutron moisture gauge in one of the six
positions used to determine soil moisture content.
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The soil samples were tested in a pressure membrane apparatus at the
U.S.D.A. Soils Laboratory, Madison, South Dakota.

The tension values

expressed in percent moisture by volume are shown in Table 1.

These

values were used to prescribe the moisture stress levels desired.
The three treatments were to discontinue watering of all plots with
the rewatering as follows:

first, rewatering when soil-moisture

reached 15 atmosphere tension; second, when soil-moisture was further
reduced to a higher tension; third, when soil-moisture was estimated
to be below lethal soil moisture level for Eastern redcedar.
All plots were watered to field capacity on July 31.

Watering

was then discontinued and regular neutron moisture gauge measurements
recorded the gradual reduction of soil moisture.
readings were taken per plot.

Six one-minute

Randomly, the paired soil plots in

each block were rewatered at the time they reached the level of
moisture prescr:i.bed to ascertain the number of surviving trees.
The day each plot reached its prescribed moisture level.foliage
samples were collected.

Juvenile foliage, about 1 cm length and less

than one month old, was collected from the top and lateral growing
points.

Older foliage, over three months old, was collected in the

lower portion of the seedlings by clipping awl-shaped leaves from
the main stem and lower lateral brances.

The foliage from five trees

in each plot was placed in one dram vials and immediately weighed to
the nearest one tenth milligram.

The foliage in the vials was oven

dried at 105 ° centigrade to a constant weight.

Moisture content
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Table 1.

Soil moisture tension· values for sample Clay and Loess
soils by pressure membrane technique.

Soil-Moisture Tension
saturated

% Moisture b:y Volume
Clay Soil
Loess Soil
57 . 8

61. 5

. 10 atmosphere

41 . 6

36. 6

. 19 atmosphere

39 . 6

33. 5

. 32 atmosphere

37. 7

30 . 2

. 48 atmosphere

36. 4

28 . 0

. 97 atmosphere

3 5. 6

26 . 6

1 . 93 atmosphere

34. 9

25. 4

2. 90 atmosphere

3 4. 0

24.2

4. 84 atmosphere

33. 2

23. 1

9.67 atmosphere

32. 8

22 . 7

14. 51 atmosphere

32. 3

·22�2

20. 0 atmosphere

29. 4*

19. 6-r--

40. 0 atmosphere

27. 7-'A-

17 . 9*

60.0 atmosphere

24.2*

14. 6*

80. 0 atmosphere

20. 9·*

11.3-r.-

100. 0 atmosphere

17. 4-*

8. 1�-

120. 0 atmosphere

14. 3-�-

4. 9-r_..

atmosphere

11. 2-'A-

3 . 9*

140. 0

-�Values are extrapolated data.

•.
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expressed in percent by dry weight was determined.

The same trees

sampled for foliage moisture were marked for later survival obser
vations .
Two five-inch-deep cores of soil were collected in each plot
to compare with the final neutron moisture reading .

These samples

were weighed and oven dried at 105 ° centigrade and reweighed to

detennine the percent moisture by dry weight of the soil.
When the final survival count was determined the plants were
excavated to determine root habits in the soil .
Experiment 2.

Drought Resistance of Ponderosa Pine in Two. Prairie
Soils.

Ponderosa pine seedlings were given a drought test similar to
Eastern redcedar following the procedure of experiment 1.

On

December

21, 22, 26, 19 67, three-year-old ponderosa pine seedlings were planted
in the same soil plots.

The 2-0 seedlings had been transplanted from

nursery seedbeds into 2 x 2 x 9 inch asphalt felt containers the pre
ceding summer.

The asphalt felt as well as some soil surrounding

the roots was removed at the time they were planted into the raised
benches.
Two seed sources of ponderosa pine from the Black Hills of
South Dakota were used, one identified as 10 miles southwest of Her
mosa, and the other of an undetermined location.
was planted in a separate block.

Each seed source
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The seedlings were watered and periodically fertilized with
a light rat e of N-K-P to insure good establishment and vigorous
The daylength and temperatures were adj usted according to

growth.

recommendations of Tinus (1967) for growing ponderosa pine in the
greenhouse.

The seedlings were given 24 hours of light with an

evening light intensity of 80-130 foot candles from overhead 150
watt incandescent bulbs.

Even with the greenhou se i nsulated with a

se cond layer of 4 mill. polyethylene plastic his recommended day
r

light requirements of 3-6, ooc foot candles were attained.

A

December daytime observation of 3-4, 000 foot candles intensity was
made.

The thermostat was set at 60 ° F to insure his recom�ended

mini.mum �ight temperature of 58 ° F.
Excellent survival and growth of the seedlings was obtained.
At the end of twelve weeks, as predict ed· by Tinus (196?), a com

pletely developed new growth had formed with needles at full length.

At this time, March 18, 1968, all plots were watered to field
capacity.

Watering was then discontinued and regular neutron

moisture gauge measurement s recorded the gradual reduction of soil
moisture.

The paired soil plots in each block were rewatered at

moisture levels similar to those of the first experiment.
The day each plot reached it s prescribed moisture level ,
foliage sam ples were collected .

Two or three needle fascicles were

taken from five sample trees from both the twelve-week-old needles
and the previous suminer ' s needl es.

These were placed in one dram

vials and moisture content was determined as in exp eriment 1.
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Also, two five-inch-deep cores of soil were collected in each
plot to compare with the final neutron moisture reading.

The results

were converted t o percent by volume using the volume/weight ratios
obtained from the undisturbed samples of the pressure membrane test .
These results could then be compared to those obtained from the
neutron moisture measurements.
After the final survival count was made on June 14, 1968, the
plants were excavated to observe root habits.
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RESULTS
The shallow soil depth of the greenhouse plots made it
necessary to adj ust the factory standard curve .

The moisture

gauge was cali.brated at the factory for an infinite soil depth .
The five-inch-deep core soil samples taken at . the different soil

moisture tension levels were used to adjust the curves.
1 shows the adj usted greenhouse curves for this test .

Figure

The Ea.stern

redcedar test produced a slightly different curve than the ponderosa
pine test.

All soil moisture data for the following trials are taken

from the adj usted greenhouse curves.
· Lethal Soil Moisture Content Points for Ea stern Redcedar
Three levels of moisture stress were observed for each soil
type .

The loess soil results shown in Table 2 indicate the lethal

point to be between 7. 4% and 5 . 7% soil moisture content and in
atmospheres tension between 104 and 115.

A Chi square analysis of

the survival differences showed significance at the . 01 level .

Two

single degrees of freedom orthogonal compariso�s were made which were
significant at the . 01 level .
The clay soil results put the lethal soil moisture content for
Eastern redc edar between 13. 6% and 11. 1% and atmospheres of tension
between 125 and 134 (see Table 3 ) .

These survival resu lts and

orthogonal comparisons are again significant at the . 01 level .
To further pin point the lethal point, curves for soi l moiz urc
by volume ere drawn over survival.

These curves are shown in

Table 2 • . Survival of Eastern redcedar in a silty clay loam soil under three prescribed treat
ments of soil moisture tension with Chi square orthogonal statistical comparison .

No.
1

Treatment
Low tension

Date

Moisture
Content ( %
by Volume )

Survival

Atmospheres

August 17

7. 4

100%

104

Orthogonal
Comparison
Significant
from treatment
2

2

Medium tension

August 30

5. 7

31%

115

Significant
from treatment
1

3

High tension

September 7
& October 2

5. 6

5%

116

Significant
from treatment
1 and 2 in
combination

N
�

Table 3 .

No.

Survival of Eastern redcedar in a clay soil under three prescribed treatments of
soil moisture t ension with Chi square orthogonal statistical comparisons.

Treatment

Date

Moisture
Content ( %
by Volume )

Survival

Atmospheres

Orthogonal
Comparison

1

Low t ension

August 17

15 . 8

100%

110

Not significant
from treatment
2

2

Medium tension

August 30

13. 6

98%

125

Not significant
from treatment

1

3

High tension

September 7
& October 2

11. l

20%

134

Significant
from treatment
1 and 2 in
combination

/
l\)
l\)
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Figure 4 .

The curves suggest lethal points for a 50% survival at

12. 5% for the clay and ·6 . 0% moisture content for the loess soil .
In addition, neutron moisture readings were plotted over
time and Figure 5 illustrates the rate moisture was extracted from
the clay soil in two of the plots.

Though the rate of moisture ex

traction varied, mortality occurred at the 12 . 5% soil moisture con
tent .

Curves for the other p lots were mostly intermediate between

these two.
Figure 6 shows the same data for the loess soil plots .

Ex

traction of moisture proceeded more uniformly in these p lot s.

The

apparent lethal point again is very close to the 6 . 0% shown in

Fig ure 4 .

Lethal Soil Moisture Content Points for Ponderosa Pine
Although the ponderosa pine test was run in the spring when
greenhouse temperatures were much cooler, the results were similar
for lethal soil moisture cont ent to those obtained with Eastern
redcedar .

The loess soil results in Table 4 indicate the lethal

point .for that soil to be less than 6 . 5% moisture with an averag e
survival of 71%. Unfortunately the soil moisture stress treatments

did not cause mortality below the 50% point.

The apparent lethal

point seems to be close to the 6% obtained in the Eastern redcedar
test.

Using Table 1, thi s again would be in excess of 110 atmos

pheres tension .

The 71% survival result is sig nificantly different

at the - . 01 level from the other two treatments where survivals were
near 100%.

Table 4.

No.
1

Survival of ponderosa pine in a silty clay loam soil under three prescribed treat
ments of soil moisture tension with Chi square orthogonal statistical comparisons.

Treatment

Dat e

Low t ension

April 2

Moisture
Cont ent ( %
by Volume)

Survival

Atmospheres

15. 2

100%

56

Orthogonal
Comparison
Not significant
from treatment
2

2

Medium tension

April 13

8. 8

99%

95

Not significant
from treatment
1

3

High tension

May 17

6. 5

71%

110

Significant
from treatment
1 and 2 in
combination

'I\)

�
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The clay s·oil results in Table 5 put the lethal soil moisture
content for ponderosa pine at less than 13. 2% and in excess of 126 ·
atmospheres of tension.
It was impossible to further pinpoint the lethal soil moisture
point , as was done in Figure 4, because the survival did not drop
below 60% in any of the plots • .
The neutron moisture gauge readings were plotted over t ime, and
Figure 7 illustrates the rate moisture was extracted from the clay
soil for ponderosa pine.

The points on the curve represent the means

of the plots for the separate seed sources that had not been re
watered for later survival determinations.

By extrapolation the

apparent -lethal point is near the 12. 5% mark.

The curve appears to

level out at this point as it did for the Eastern redcedar .
Figure 8 shows the data for the loess soil plotted similarly
to that in Figure?.

By

ext ending the curve, which is leveling out,

the apparent lethal point would be approximately 6%.
Lethal Foliage Moisture Content Points for Eastern Redcedar
Foliage moisture content was determined when the two soils
reached the lethal soil moisture point .

The lethal points for the

tip and lower foliage of East ern redcedar were determined according
to th e procedu re described previously .

The lethal moisture content

varied with t he age of foliage as shown in Figure 9.

The juvenile

tip foli g e , less than one month old , had an apparent lethal content
of 50% of dry weight while the older lower foliage fell to 3 0% of

Table 5.

No.

Survival of ponderosa pine in a clay soil under three prescribed treatments of soil
moisture tension with Chi square orthogonal statistical comparisons.

Treatment

Date

Moisture
Content ( %
by Volume)

Survival

Atmospheres

Orthogonal
Comparison

1

Low t ension

April 2

23 . 2

99%

65

Not significant
from treatment
2

2

Medium tension

April 13

19. 8

100%,

85

Not significant
from treatment

1

3

High tension

May 17

13 . 2

76%

126

Significant
from treatment
1 and 2 in
combination

°'
I\)
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dry weight .

Each lethal point in Figure 9 was determined by finding

the location in which live trees below this point were approximately
equal to the dead t rees above the same point.

In some cases the tip

foliage died while the lower foliage remained alive and t he plant
recovered ( see photographs in appendix) .
The sampled seedlings used for foliage moisture were compared
to soil moisture content at death point following the method of Pharis
( 1966) as shown in Figure 10 .
the total plot .

This represented a 12 . 5% sampling of

The lethal point is the moisture content above which

the number of plants that died was appro.x:i.mately equal to the number
of plants that lived below this point after rewatering .

This method

also puts· the lethal soil moisture content points near 12 . 5% for the
clay and 6. 0% for the loess ( see Figure 10) .
Lethal Foliage Moisture Content Points for Ponderosa Pine
The lethal points for both the twelve-week-old ( 1968) needles
and the previous swnrner ' s ( 1967) needles were determined by the same
procedure used in Fastern redcedar .

Figure 11 repres ents the plots

used in the final prescribed level of soil moisture t ension.

The

other t reatments resulted in no mortality of the seedlings sampled
for foliage moisture content .

With this limited sample a lethal

foliage moisture content point for the 1967 needles was approximately
88% , and for the 1968 needles 78% of dry weight.
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DISCUSSION
This study demonstrates that the neutron moisture gauge is an
effective tool for det ermining the lethal soil moistur e cont ent for a
plant in a given soil.

Th e soils used in the study were fine textured

in contrast to those of others ( Pharis 1966, Ursic 1961) .

It would

conceivably be difficult to use this method with soils having low
wilting points.
The five-inch-deep bench plots worked very satisfactorily as
long as a curve was calculated for each spe cies ( se e Figure 1 ) .
The different curve s were required partially by the root habits of
each spe cies.

East ern redc edar had roots permeating all l evels of

the soil profile .

This lead t o a uniform extracti on of soil moisture.

The ponderosa pine roots were less ext ensive and were concentrated
clos er to the lower portion of the five inch profile .

The soil

samples used t o calibrat e th e curves, collect ed under the different
conditions , may account for differences in curves for each species
( see Figure 1 ) .

The rooting differences were partially due t o

th e fact that East ern redcedar remained i n the bench soils three
months long er than ponderosa pine before being put under drought
conditions.
While both species react ed differently t o produce a somewhat
different curve ( see Figure s 5 , 6 , 7 and 8 ) for each soil type , the
lethal soil moisture cont ent was sintll ar for both spe cies.

Probably

of more importanc e is the fact that these two spe cies can ex.tract
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moisture or tolerate moisture conditions far in excess of 15 atmos
pheres tension (see Tables 2 ,3 ,4 and 5) .

Fewell and Kirk ( 194 5)

experienced similar results with coarse textured soils, but they did
not show the tension- values .

In this test ponderosa pine and Eastern

redcedar survived to soil mois_ture tensions in excess of 100 atmos
pheres .
This supports Pharis ' s ( 1966) work with western conifers show
ing west coast ponderosa pine exceeding 50 atmospheres in a sandy
soil .

Pharis and Ferrell ( 1966 ) found Douglas-fir to survive to 80

atmospheres tension.

Ursic (1961) found loblolly pine to survive

under 50-100 atmospheres tension .
If the extrapolated data from the curve developed from the
�ressure membrane apparatus in Figure 1 can be considered adequate,
then the two coniferous species extracted moisture to a higher
tension value in the clay soil than in the loess .

The results were

113 atmospheres for loess compared to 130 atmospheres for clay with
lethal soil moisture being

6% and 12. 5% respectively .

These results support the author ' s earlier finding s in the
same area where three years of field conditions were studied .

These

tests showed that mixed grass prairie on loess soils used moisture to
40 atmospheres tension and in clay soils from 73 to 90 atmospheres
tension .

Ponderosa pine and Eastern redcedar planted in these sites

have tolerated moisture conditions of 32 to 40 atmospheres tensi on on
loess soils and 36 to 53 atmospheres in clay soils over the three
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years.

Greenhouse grown ponderosa pine and Eastern redcedar are

able to use and tolerate ·soil moisture tension extremes greater than
those found in the field .

This means that these species can be

planted in the clay soils of central South Dakota .
not appear to be a limiting factor .

Texture alone does

When coupled with other factors

such as wind, high evaporation rate, poor aeration, or nutrient
deficiencies, texture may become critical .
The curves in Figures 5 , 6 , 7 and 8 tend to level out as high
tension values are reached .
between life and death.
the soil .

At this point the trees are balancing

They cannot draw moisture in any amount from

Environmental conditions at this point become very critical.

High atmospheric humidity at this time may well prolong ultimate death
of the plants .

Stone (1957) must have extended this level portion of

the curve by adding artificial dew to his test plants ' environment.
The time it took the conifers to reach the lethal soil moisture
level varied.

The ponderosa pine spring drought test showed survival

above 50% for close to two months while the Eastern redcedar generally
lasted only one month during the August drought test .

This difference

is largely due to the cooler environmental conditions during the spring
test.

The slowness of ponderosa pine to extract soil moisture could

also be due to fewer roots permeating the soil profile.
Eastern redcedar has g enerally been thought to be more drought
resistant than ponderosa pine .

The relative drought resistance of

these two species from the study shows no apparent differences .
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Further study by this method with other species known to be less
drought hardy might help to elucidate these relationships.
The lethal foliage moisture points varied with age of the
foliage .

The older foliage of both species gave lower percentages .

This was similar to the findings of Pharis (1966) .

The three-month

old ponderosa pine needles had a slightly lower lethal point than that
determined by Pharis (1966) .

He determined the lethal point to be

103% compared to 88% in this study.
for the variability in results .

Seed source differences account

The west coast species used by

Pharis ( 1966) came from a more mesic habitat than the South Dakota
sources .
The ·upper foliage portions of the F.astern redcedar died, but
the lower foliage lived after rewatering • . Such a pattern is typical
of· deciduous species.

Field experience has not shown similar be

havior.
Lethal foliage moisture points coul� be used as indicators
of whole plant viability provided foliage age is comparable .

For

ponderosa pine the best sampling time would b� mid-July or later for
12-week-old needles.

Eastern _redcedar foliage could be sampled

anytime because of its indeterminate growth habit .

40

CONCLUSIONS
1.

The surface neutron moisture gauge is a satisfactory tool for
drought resistance studies in heavy soils.

The gauge samples

soil moisture without disturbing the soil, and moisture levels
can easily be followed over long periods of t ime.
2.

No relative difference in drought resistance was determined
between Eastern redcedar and ponderosa pine • .

3.

Ponderosa pine and East ern r-edcedar lethal soil moisture content s
for loess and clay soils , under greenhouse conditions was determined
to be

6% and 12. 5% by volume , respectively.

4 . Soil texture i s not a limiting factor for survival of ponderosa
pine and Eastern redcedar in central South Dakota soils.

Other

envirornnental factors probably play a more :unportant role in
the survi val of these species.
5.

Ponderosa pine and Eastern redcedar can be planted in select ed
central South Dakota soils and , once established, can effectively
compete with the native gras ses.

6.

Lethal foliage moisture content points based on dry weight were
establish ed for both species and proved to be fair indicators of
whole plant viability .

East ern redcedar lethal foliage moisture

content was 50% for the j uvenile foliage and 3O%. for the lower
Ponderosa pine lethal point s were 88% for three
month-old needles and 78% for one-year-old . needles .
older foliag e.

41
LITERATURE CITED
Aldrich, W . W . , Work, R . A . and M . R . Lewis . 193 5 . Pear root
concentrations in relation to soil moisture extraction in
heavy clay soil . J . Agric . Res . 50 : 975-988 .
Anderson, C. H. and E. G . Cheyney. 1934. Root development in
seedlings in relation to �oil texture. J . Forest . 32 :32-34 .
Bates, C. G . 1923 . Physiological requirements for Rocky Mountain
trees. J. of Agric . Res . 24 : 97-164.
Briggs, L . J·. and H . L. Shantz. 1912. The relative wilting co
efficients for different plants. Bot. Gaz . 53 : 229-23 5 .
Brix, H . 1960. Determination of viability of loblolly pine seed
. lings after wilting . Bot . Gaz . 121 : 220-223 .
Chaµnan, A. G . 1940 . Problems in reforestation research .
Forest . 3 8 : 176-180 .

J.

Daubenmire,. R . F . . 1943 . Soil temperature versus drought as a
factor determining lower altitudinal limit of trees in the
Rocky Mountains. Bot. Gaz . 105 : 1-13.
Fewell, H . A . and B . M. Kirk . 1945. Availability of soil moisture
to ponderosa pine . J . Forest. 43 : 601-604 .
Fricke, K . 1904 . "Licht-und Schattenholzarten, " ein wissenshaftlich
nicht begrundetes Dogma . Centbl . Gesamt. Forstw. 3 0 : 3 15-3 25.
Gardner, W. R. and R. H. Nieman . 1964 . Lower limit of water
availability to plants . Science 143 : 1460-1462 .
Gatherum, G. E � , McComb, A. L. and W. E . Loomis . 1953 . Effects of
. light and soil moi_sture on forest tree seedling establishment.
Research bulletin 513, Iowa State Univ . , Ames, Iowa .
George, E . J. 1939. Tree planting on drier sections of the Northern
Great Plains. cJ. Forest. 37 : 695-698 .
Kuchler, A . W. 1964. Potential _ natural vegetation of the con
terminous United States. Amer. Geogra. Soc. , New York, 155 pp.

Lane, R . D. and A . L. McComb. 1948. Wilting and soil moisture
depletion by tree seedlings and grass. J. Forest . 46 :344-349.

42
Marshall, R. 1931. An experimental study of the water relations of
seedling conifers with special reference to wilting. Ecological
Monog. 1 :37-98.
Morgan , M . I . 1935. Soil factors in relation to proposed plains
shelterbelt plantings. J. Forest. 33 : 137-138.
Oosting, H. J. and P. J. Kramer. 1946. Water and light in relation
to pine reproduction. Ecology 27 : 47-53.
Parker, J. 1956.
22 : 241-289.

Drought resistance in woody plants,.

Bot. Rev.

Pharis, R. P·. 1966. Comparative drought resistance of five conifers
and foliage moisture content as availability index. Ecology
47 : 211-221.
______ and W. K. Ferre.11. 1966. Differences in drought
resistance between· coastal and in land sources of Douglas fir.
Canadian J. Bot. 44 : 1651-1659.
Richards, L. A. and L. R. Weaver. 1944. Moisture retention by some
· irrigated soils a s related to soil moisture tension. J. Agric.
Res. 69 : 215-235.
Salter, P. J. and J. B. Williams. 1965. The influence of texture
on moisture characteristics of soils. Soil Science 16, Oxford,
England.
Slater, R. O. 1957. The significance of the permanent wilting
percentages in studies of plant soil water relations. Bot. Rev .
23 : 585-636.
Spurr, S. H. 1950. The influence of two Juniperus species on soil
reaction. Soil Sci. 50 : 289-294.
Stone, E. C. 1957. Dew as an ecological factor. II - The effect of
artificial dew on the survival of Pinus ponderosa and associated
species . Ecology 38 : 414-422.
Tinus, R. 1967. Direct correspondence on greenhouse production of
ponderosa pine . He is plant physiologist at U. S. Forest Service
Lab. , Botineau, N. D.
Tourney, J. W. 1929. The vegetation of the forest floor, light versus
soil moisture. Proc. Int. Congress Plant Sciences 1 : 575-590.

43
Ursic, s . J. 1961 . Tolerance of loblolly pine seedlings to soil
moisture stress. Ecology 43 : 823-825.
U. S. Dept. of Interior, B . I . A . 1965 . Soil and range resources
inventory Crow Creek Indian Reservation, South Dakota . Rept •
. No. 182. M . R . B. I. , Billings, Mont. 8'7 pp.

APPENDIX

45
Appendix Table 1 .- Chi square statistical summary of Eastern red
- cedar survivals :i.n clay soil .
x2

Treatment
1 vs 2

86 . 91�-¾-

3 vs 1 and 2

7 7. 51-�

Total x2

164. 42-x-*

-�*Significant at . 01 level.

Appendix Table 2 .

Chi square statisti cal summary o f Eastern red
cedar survivals in loess soil.
x2

Treatment

2. 02

1 vs 2
3 vs 1 and 2
Total
�-¾-Significant at . 01 level.

x2

150. 07-��
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Appendix Table 3 . . Chi square statistical summary of ponderosa pine
survivals in clay soil.

Treatment
1 vs 2
3 vs 1 and 2

x2

.065
34. 580�-;'f-

Total x2
��Significant at the . 01 level .

Appendix Table

4. Chi square statistical summary of ponderosa pine
survivals in loess soil.

Treatment
1 vs 2
3 vs 1 and 2
Total X2
��Significant at the . 01 level.

x2

.ooo

30. 54l{H.<30 . 54l�Y.C-

47

App end ix F i gure 1 .

/

A fo rty t re e ponderosa p ine l o e s s s o i l p l o t
near the l ethal so i l mo i sture content at th e
t ime i t was to b e r ewatered . Surviva l
d e t e rmined one month later was 6 2 % .
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App end i x F igure 2 .

A forty t ree Ea s t ern redcedar c l ay s o i l p lo t
more than a month a f t er i t had b e en rewa t ered
from 14% so i l mo i s t u re c ont ent . Survi va l wa s
9 5 % w i th c rown d i e- ba ck o c curr i ng i n a l l but

38 % .

/
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Append ix Figure 3 �

An East ern redcedar at the t ime i t wa s t o be
rewat ered in whi ch crown d i e- back oc curred .
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Appendix Figure 4 .

An E a s t e rn redcedar one row over f rom t hat in
Appendix Figure 3 showing c rown die- ba ck one
month a fter it h ad b e en rewatered.

